Introduction
The phenomenological aspects of diffusional transport are discussed in this paper. The majority of analyses of the interdiffusion have neglected the effects due to variations with the molar volume (the effects of differences in the partial molar volumes of the diffusing species). All of them ignored the dynamics of the diffusion zone. In the fundamental Darken and Wagner models of interdiffusion and reactive diffusion it is assumed that the partial molar volumes of the diffusing components are constant /1,2/ and equal /2/. The conservation of momentum is not formulated in all the models of interdiffusion /1-4/. These simplified approaches in all the models of interdiffusion consequently simplify the dynamics of the transport process. The stresses in solids and the variable gradients of pressure in gases and liquids can be predicted but cannot be This paper adheres closely to the previous presentation /5/. It presents the more general forms of the equation of motion. The work is an attempt to unify the interdiffusion phenomenology; it narrows the gap between the physico-chemical statements of the transport processes coupled with the diffusional transport and allows their reduction to diffusion problems to be formulated.
Theory
The phenomenological description of the general case of the diffusional transport in a multicomponent system is discussed in this section. This approach is based on Darken's fundamental concepts ill and previous presentations /5,6/.
A. Definitions
Diffusional transport will be considered in an open isotropic fluid system (in nonequilibrium). In this system state variables, density, local velocity, temperature and concentrations are assumed to be continuous functions of space coordinates and time. Such a system (i.e., medium) can be called continuous or a thermodynamically nonuniform single-phase system. It is always understood that all the variables (concentrations and velocities) are averaged in the elementary volume at position r and time t. The discussed transport phenomena are restricted to systems i) which are close to equilibrium, i.e., only the linear derivatives of the variables are important, and ii) in which no chemical reactions take place, i.e., the transported species do not change their identity.
Such a definition will permit extension of the applicability of the proposed formalism to the interdiffusion processes in the multicomponent gas and fluid mixtures and solid solutions. These processes can be defined as a mutual diffusion or mixing.
All the concentrations are continuous functions of position r and time t. The vector r denotes the position of the small element of volume dV. This elementary volume is infinitely small compared to the dimensions of the whole system but large when compared to the mean-free path length of system components. In other words, there is a local equilibrium between all the medium forming components in this elementary volume.
The multicomponent system is composed of η chemical species (components) denoted by id = 12,...,n. The fluxes can be expressed with respect to i) fixed coordinates (in external reference frame, ERF) and ii) with respect to the drift velocity (in the internal frame of reference, IRF). Drift velocity will be defined in this section. The mean velocity of the z'th component (the species velocity) in elementary volume dV and with respect to an external reference frame (ERF), is given as Uj. This velocity can be used to define any velocity of interest. It follows that the centre of mass velocity, u, is defined by:
where j is the net mass flux in the external reference frame and p,· denotes the local partial mass density of component i (does not depend on the choice of frame of reference). It is:
The diffusional fluxes will be expressed on the concentration basis (e.g. on the molar basis); consequently, it is useful to define another characteristic velocity. The molar average velocity in the ERF, Ut, is defined by:
where j c is the net molar flux in the ERF, and c and c; denote the total local concentration in an elementary volume and local concentration of the z'th component, respectively. It is also: c = Σ>, (4) i»l The volume average velocity n v is defined as:
where φ,, V;,V denote the volume fraction, the partial molar volume and average molar volume, respectively. It is also:
The two mechanisms general to all transports are molecular transport and drift (e.g., convection) transport. None of the defined average velocities permit diffusional and drift velocities to be distinguished. Consequently, the proper frame of reference for any diffusional flux has to be chosen. The three characteristic fluxes can be defined relative to the external and internal reference frames as follows:
1. The already defined general flux (in ERF) of i that passes through a plane of unit area normal to the local velocity vector of i, Vi, the plane is stationary and has constant dimensions with respect to the external frame of reference (the flux can be expressed, e.g., in moles per unit area per second):
2. The diffusional flux (which does not depend on the choice of the frame of reference) defines the average local diffusional velocity of component i (e.g., relative to the medium at r, having an average local concentration c and drift velocity y). It follows:
3. The drift flux (i.e., convective-, flow-, expansion-, ... flux) is defined by the average diffusional velocity:
where υ is the local drift velocity of the medium of composition c. From Eq. 10 it follows:
Upon adding all the local fluxes expressed by Eq. 10, the total local flux can be expressed by
I -I where uy and jd are the average velocity of diffusion of all the components and average diffusional flux, respectively (do not depend on the choice of frame of reference):
The drift velocity permits definition of the internal reference frame, IRF. It is the frame of reference which has a velocity equal to the local drift velocity, i.e., it is the frame of reference drifting with the medium (at local concentration, c). In the internal reference frame (Eq. 14), the net molar flux and net diffusional flux are equal:
The internal reference frame (i.e., the frame of reference which has the velocity equal to the local drift velocity of the medium) is associated with the substantive derivative DIDt (the Lagrange operator). This is the time derivative of a local quantity taken at the centre of the element dV moving with velocity u The substantive derivative and partial derivative d/dt (which is the time derivative taken in the volume dV at a fixed point with respect to external reference frame (ERF) of a scalar quantity are related by:
The substantive derivative and partial derivative of a vector quantity are related by:
Note that in the internal reference frame the local drift flux vanishes and the only local flux of i is the diffusional flux. All the defined average velocities are exactly equal only if there is no diffusion: Such a choice of the internal frame of reference permits expression of the diffusional fluxes by i) the Fick's formula:
where the intrinsic diffusion coefficient, for a nonuniform, non-ideal single-phase system, of i is 121:
where D; and D * denote the intrinsic and self diffusion coefficient, respectively, and aj is the activity of i in the elementary volume, dV (i.e., at local composition c, c = f (c], C2, ..-c n , ρ, Τ) ). The diffusional fluxes can be as well expressed by the other appropriate formulas, e.g., by ii) the Onsager relations, and by iii) the mobility of component i:
where B[ is a mobility of component i and F;jt denotes force k acting on component i.
Upon using Fick's flux formula (and Darken's intrinsic diffusion coefficient concept) or Eq. 21, the comprehensive and simplest description of the transport can be obtained.
B. Conservation Equations
It is necessary to merge the transport processes and dynamics to formulate the complete description of the isothermal diffusional transport. The merger results in an equation of motion which permits formulation of the mathematical formula of the law of momentum conservation.
a. Conservation of Mass
The most general mathematical formula of this law is called the equation of continuity. In the external reference frame, it is: 
and in the IRF it is:
After the summing over all i the equation of continuity for the medium as a whole (in ERF) is obtained:
Upon rearrangement, the relation between the drift velocity and diffusional fluxes in the external frame of references becomes:
The sum of the continuity equations in the internal reference frame is expressed by the substantive derivative:
where the substantive derivative denotes the time dependence of the local concentration in the elementary volume moving with a velocity u When the molar volume of all components in the medium is constant (p = const.) the following simple relation holds in both ERF and IRF:
Eqs. 26-28 are total mass balance equations in ERF, IRF and both (ERF and IRF) when the total concentration changes in a system (medium) are negligible, respectively.
b. Conservation of Momentum
The balance equation for the rate of the local change of momentum per unit mass (on the mass basis) /1 (pu) dV is written as:
The discussed general case of the diffusional transport process has been defined on the molar basis. In such a case, the pressure (in the balance equation of momentum) will be a product of the local divergence of all local fluxes in the IRF /7/. For the purely diffusional transport, when external forcing and stress are negligible it becomes:
Upon taking into account that the net flux is a product of all local fluxes (see Eq. 13) it is:
The term on the right-hand side (r.h.s.) is the flow of molar momentum out of V through the surface A of the volume element.
After transforming the surface integral of Eq. 31 to the volume integral by Gauss' theorem and noting that the resulting integrand is zero, the equation of motion (in the multicomponent system in which diffusional transport takes place) results:
The simplified unidimensional form of Eq. 32 has shown /5/ that the interdiffusion process generates the internal (local) forces which are determined by the local variables (e.g., concentrations, activities and transport coefficients of all the components). The next section shows that the complete translational part of the equation of motion can be obtained without any simplifications.
Theory

A. Equation of Motion
The general form of equation of motion can be written in the form:
Upon substituting Eq. 3, it is:
Upon substituting the medium continuity equation (Eq. 25), the first terms on the r.h.s. and l.h.s. vanish, and Eq. 34 reduces to: Do.
Eq 38 can be as well rearranged to the form: 
where Δ denotes Laplacjan.
The general form of the equation of motion (Eq. 40) is complex. It will be shown now that the simple unidimensional form of this formula can be derived in the case of quasi-stationary interdiffusion process.
B. Conservation of Momentum in a Unidimensional n-component System
For an unidimensional case of transport and when an external forcing can be neglected, Eq. 40 takes the form:
Upon expressing the changes of the velocities by the substantive derivatives and velocities by the respective fluxes, it becomes:
Du au + c Di and after rearrangement:
which can be reduced to:
Dt
and finally, upon expressing the fluxes in the last term on the r.h.s. by Fick's flux formula, it is:
In the case of the quasi-stationary interdiffusion process, the r.h.s. of Eq. 48 becomes negligible, and it becomes:
Upon expressing the diffusional velocity by Eq. 14, it becomes: It can be seen that the number of equations equals the number of unknown parameters, and, consequently, the formulated equations describe completely the general case of the diffusional transport in a n-component conti-nuous medium system. It should be mentioned that this formalism does not neglect the local momentum balance (e.g., the kinetic energy of the medium in the external or internal reference frame) and results, consequently, in the dynamic description of the transport.
It is evident that the derived system of equations allows fluxes to be expressed by: i) the Fick's first law, ii) the Onsager phenomenology and/or iii) the mobility of all the components. The first and last forms offer numerous possibilities of experimental verification and can be recommended, especially in the case of fast processes.
3. The phenomenology of transport herein presented is valid for any transport process in which chemical reaction between transported entities (components) and the purely conducting term in the thermal energy flux are negligible. Its use may extend understanding of the dynamics of the real processes in open systems.
